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(54) COMPOSITE FILM 



(57) A composite film having an excellent heat re- 
sistance is disclosed. The composite film according to 
the present invention comprises a substrate film and 
polyimide membrane(s) formed on at least one surface 
of the substrate film, which polyimide membrane(s) is 
(are) prepared by applying a solution of a solvent-solu- 
ble polyimide whose main chain is formed by poly- 
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condensation of one or more tetracaroxylic dianhy- 
drides and one or more diamines and by drying the so- 
lution. The solvent-soluble polyimide comprises bicyclo 
(2,2,2)oct-7-ene-2,3,5,6-tetracarboxylic dianhydride as 
at least a part of the tetracarboxylic dianhydride(s) and/ 
or at least one of 3,5-diaminobenzoic acid and a diami- 
nosiloxane derivative as at least a part the diamine(s). 
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Description 

Technical Field 

[0001] The present invention relates to a composite 5 
film. More particularly, the present invention relates to a 
composite film whose surface is coated with polyimide 
membrane(s), which is excellent in heat resistance. 

Background Art 

[0002] Films made of polyester resins, especially pol- 
yethylene terephthalate resins or polyethylene naph- 
thalte resins, and films made of polyphenylene sulfide 
resins are widely used in various industrial fields be- 
cause of the good processabilities, excellent mechani- 
cal properties, chemical properties, and the like. 
[0003] However, the above-mentioned films made of 
polyester resins and polyphenylene sulfide resins have 
a drawback in that their glass transition points are low 
and so their heat resistances are poor for industrial uses 
at high temperatures, so that they cannot be used as 
the parts subjected to high temperatures. 
[0004] In view of this, various composite films have 
been proposed, in which membranes made of materials 
which compensate the drawback of the resins are 
formed on the surfaces of the films made of the resins. 
For example, Japanese Laid-open Patent Application 
(Kokai) No. 57-167256 discloses a process for produc- 
ing a heat resistant resin film by immersing a fluororesin 
film in a solution of polyamic acid in N-methyl-2-pyrro- 
lidone to coat the film surfaces with the polyamic acid 
resin, and by heating the resultant to dry. 
However, to convert the polyamic acid into polyimide 
resin, dehydration and imidation reaction are necessary, 
so that heat treatment at a temperature as high as 
300 Q C is necessary. 

[0005] If the polyamic acid is applied to a film made 
of a polyester resin or polyphenylene sulfide resin, 
which has a low melting point, the substrate film perse 
is melted, so that this method cannot be employed. On 
the other hand, since ordinary polyimides are insoluble 
in solvents, thin membranes of such polyimides cannot 
be formed on film surfaces. 

Disclosure of the Invention 

[0006] An object of the present invention is to provide 
a composite film which is excellent in heat resistance 
and in adhesiveness of the surface layer. 
[0007] The present inventors intensively studied to 
discover that by applying a solution of a solvent-soluble 
polyimide containing a specific compound as an acid 
component or diamine component and by drying the so- 
lution to form a polyimide membrane, a composite film 
having excellent heat resistance can be obtained and 
the polyimide membrane has excellent adhesiveness 
with the substrate film, thereby completing the present 



invention. 

[0008] That is, the present invention provides a com- 
posite film comprising a substrate film and polyimide 
membrane(s) formed on at least one surface of said 
substrate film, which polyimide membrane(s) is(are) 
prepared by coating said surface(s) with a solution of a 
solvent-soluble polyimide whose main chain is formed 
by polycondensation of one or more tetracarboxylic di- 
anhydrides and one or more diamines and by drying 
said solution, said one or more tetracarboxylic dianhy- 
drides including bicyclo(2 > 2,2)oct-7-ene-2,3,5,6-tet- 
racarboxylic dianhydride as at least a part thereof, and/ 
or said one or more diamines including at least one of 
3,5-diaminobenzoic acid and a diaminosiloxane deriva- 
tive as at least a part thereof. 

[0009] Since polyimide membrane(s) which is(are) 
excellent in heat resistance, chemical resistance and in- 
sulation performance is(are) formed on the surface(s) 
of the substrate film, the composite film according to the 
present invention is excellent in heat resistance, chem- 
ical resistance and insulation performance. Further, the 
adhesiveness between the substrate film and the poly- 
imide membrane is excellent. Therefore, the composite 
film according to the present invention may be applied 
for various uses for which heat resistance, chemical re- 
sistance and/or insulation performance are demanded. 
The present invention has excellent advantageous ef- 
fects in that polyimide in the form of membrane can di- 
rectly be formed on the substrate films with low melting 
points, so that the advantageous properties of both of 
the substrate film and the polyimide may be synergisti- 
cally exerted, that the production is easy and that the 
production cost is low. 

Best Mode for Carrying Out the Invention 

[0010] As mentioned above, the composite film ac- 
cording to the present invention comprises a substrate 
film and polyimide membrane(s) formed on at least one 
surface of the substrate film. As the substrate film, films 
made of thermoplastic resins on which polyimide mem- 
branes could not be formed thereon hitherto because of 
the low heat resistances may be advantageously em- 
ployed, Examples of such a thermoplastic resin include 
polyesters such as polyethylene terephthalates and pol- 
yethylene naphthalates, and polyphenylene sulfides. 
The thickness of the substrate film is not restricted at all 
and is usually about 1 0 to 200 u.m. As the substrate film, 
commercially available various films may be employed. 
[001 1 ] The composite film according to the present in- 
vention is obtained by applying a solution of a solvent- 
soluble polyimide whose main chain is formed by poly- 
condensation of one or more tetracarboxylic dianhy- 
drides and one or more diamines on at least one surface 
of the above-mentioned substrate film, and by drying the 
solution so as to form polyimide membrane(s) on the 
surface(s). 

[0012] The polyimide used in the present invention is 
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solvent-soluble. As the solvent, N.N-dimethylformamide 
(DMF), N,N-dimethylacetamide (DMAc), dimethylsul- 
foxide (DMSO), N-methylpyrrolidone (NMP), tetrameth- 
ylurea, sulfolane or the like may be employed. Prefera- 
bly, DMF or NMP is employed. In the present specifica- 
tion, the term "solvent soluble" means that the polyimide 
is dissolved in N-methyl-2-pyrrolidone (NMP) to a con- 
centration of not less than 5% by weight, preferably not 
less than 1 0% by weight. 

[0013] The tetracarboxylic dianhydride(s) used for 
forming the main chain of the molecule of the solvent- 
soluble polyimide is(are) not restricted. Examples of the 
tetracarboxylic dianhydrides include aromatic acid dian- 
hydrides such as biphenyltetracarboxylic dianhydride, 
benzophenonetetracarboxylic dianhydride, bis(dicarbo- 
xyphenyl)propane dianhydride, bis(dicarboxyphenyl) 
sulfone dianhydride, bis(dicarboxyphenyl)ether dianhy- 
dride, thiophenetetracarboxylic dianhydride, pyromellit- 
ic dianhydride and naphthalenecarboxylic dianhydride; 
and acid dianhydrides such as 1 ,2,3,4-butanetetracar- 
boxylic dianhydride, bicyclo(2,2,2)-oct-7-ene- 
2,3,5,6-tetracarboxylic dianhydride and 4,4 , -{2,2,2-trif- 
luoro-1 -(trifluoromethyl)ethylidene}bis(1 ,2-benzenedi- 
carboxylic dianhydride). These may be used individually 
or in combination. 

[0014] Examples of the diamines used for forming the 
main chain of the molecule of the solvent-soluble poly- 
imide include 4,4 , -diamiriodiphenylpropane, 4,4*-diami- 
nodiphenylmethane, 3,3'-diaminodiphenylmethane, 
4,4'-diaminodiphenyl sulfide, 4,4'-diaminodiphenyl sul- 
fone, 3,3'-diaminodiphenyl sulfone, 3,4'-diaminodiphe- 
nyl sulfone, 4,4'-diaminodiphenyi ether, 3,4'-diamin- 
odiphenyl ether, 4,4'-diaminobenzophenone, 3 p 3'-di- 
aminobenzophenone,2,2 , -bis(4-aminophenyl)propane, 
benzidine, 3,3'-diaminobiphenyl, 2,6-diaminopyridine, 
bis{4-(4-aminophenoxy)phenyl}sulfone, bis{4-(3-ami- 
nophenoxy)phenyl}sulfone, bis{4-(4-aminophenoxy) 
phenyljether, bis{4-(3-aminophenoxy)phenyl}ether t 
2,2'-bis{4-(4-aminophenoxy)phenyl}propane, 2,2'-bis 
{4-(3-aminophenoxy)phenyl}propane, 4,4'-bis(4-ami- 
nophenoxy)biphenyl, 2,2'-bis{4-(3-aminophenoxy)phe- 
nyljhexafluoropropane, 1 ,5-diaminonaphthalene, 2,2'- 
bis{4-(4-aminophenoxy)phenyl}hexafluoropropane, 
1 ,4-bis(4-aminophenoxy)benzene, 1 ,3-bis(4-ami- 
nophenoxy)benzene, 3,5-diaminobenzoic acid, diami- 
nosiloxane derivatives, 1,4-benzenediamine, 1,3-ben- 
zenediamine, 6-methyl-1 ,3-benzenediamine, 4,4' -di- 
amino-3,3'-dimethyl-1 ,1 'biphenyl, 4,4'-diamino-3,3'-hy- 
droxy-1 ,1'biphenyl, 4,4'-diamino-3,3'-dimethoxy-1 ,1'bi- 
phenyl, 4,4'-oxybis(benzeneamine), 3,4'-oxybis(benze- 
neamine), 4,4'-methylenebis(benzeneamine) and 3,3'- 
carboxybis(benzeneamine), although the diamines are 
not restricted to these. These diamine components may 
be used individually or in combination. 
[001 5] To promote the adhesiveness of the polyimide 
to the substrate film, the polyimide used in the present 
invention contains, among the above-mentioned tet- 
racarboxylic dianhydrides, bicyclo(2,2,2)oct-7-ene- 



2,3,5,6-tetracarboxylic dianhydride as a tetracarboxylic 
dianhydride, and contains at least one selected from the 
group consisting of 3,5-diaminobenzoic acid and diami- 
nosiloxane derivatives as diamine(s). To attain sufficient 

5 adhesiveness, the content of bicyclo(2,2,2)oct-7-ene- 
2,3,5,6-tetracarboxylic dianhydride in the total tetracar- 
boxylic dianhydrides is preferably 20 to 50 mol%, more 
preferably about 30 to 50 mol%, and the content of the 
total of the above-mentioned 3,5-diaminobenzoic acid 

10 and the diaminosiloxane derivative in the total diamines 
is preferably 1 0 to 65mol%, more preferably about 35 to 
60 mol%. 

[0016] As the diaminosiloxane derivative, those hav- 
ing amine values (the value obtained by dividing the mo- 

15 lecular weight of the compound with the number of ami- 
no groups) of about 200 to 1000 are preferred, and bis 
(S-amino-fC^CgJalkylpolydimethylsiloxanes are espe- 
cially preferred. The diaminosiloxane derivatives having 
the above-mentioned amine value may easily be ob- 

20 tained by removing low boiling components from the 
commercially available diaminopolysiloxane derivatives 
(usually, a mixture of polysiloxanes with different polym- 
erization degrees). 

[0017] To promote the adhesiveness with the sub- 

25 strate film, the polyimide preferably contains as diamine 
component(s), in addition to the above-mentioned di- 
aminosiloxane derivative having an amine value of 200 
to 1000, at least one diamine selected from the group 
consisting of 3,4'-diaminodiphenyl ether, 1 ,4-bis(3-ami- 

30 nophenoxy)benzene, bis-{4(3-aminophenoxy)phenyl} 
sulfone and 3,5-diaminobenzoic acid. By containing the 
diamine(s), the adhesiveness with the substrate film is 
especially excellent. Further, since these diamines are 
stably and inexpensively available industrially, the poly- 

35 imide is especially suited for industrial production. In this 
case, the content of the diaminosiloxane derivative in 
the polyimide is preferably about 15 to 60% by weight, 
especially 20 to 50% by weight, and the content of the 
total of at least one diamine selected from the group con- 

40 sisting of 3,4'-diaminodiphenyl ether, 1,4-bis(3-ami- 
nophenoxy)benzene, bis-{4(3-aminophenoxy)phenyl} 
sulfone and 3,5-diaminobenzoic acid in the polyimide is 
preferably about 10 to 50% by weight, especially about 
13 to 40% by weight. 

45 [0018] The polyimide employed in the present inven- 
tion preferably has a weight average molecular weight 
measured by gel permeation chromatography method 
(GPC method using a UV detector) in terms of polysty- 
rene of 15,000 to 100,000, more preferably about 

so 20,000 to 70,000. If the molecular weight is within this 
range, a composite film having excellent adhesiveness 
between the polyimide membrane and the substrate 
film, and excellent heat resistance, chemical resistance 
and insulation performance is obtained. 

55 [0019] The polyimide in the composition according to 
the present invention may be produced by direct imida- 
tion reaction between the above-mentioned tetracar- 
boxylic dianhydride(s) and the above-mentioned di- 
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amine(s). In the productions of the conventional polyim- 
ide molded articles, polyamic acids are used. The 
polyamic acids are easily decomposed at room temper- 
ature, so that the storage stabilities are poor. Further, to 
convert the polyamic acid into polyimide, it is necessary 5 
to subject the polyamic acid to a heat treatment at 250 
to 350°C so as to carry out imidation reaction. In con- 
trast, the polyimide used in the present invention is di- 
rectly produced by the imidation reaction between the 
tetracarboxylic dianhydride(s) and diamine(s), and not 
through a polyamic acid, so that the polyimide in the 
present invention is largely different from the conven- 
tional polyimide molded articles in this respect. 
[0020] The direct imidation reaction between the tet- 
racarboxylic dianhydride(s) and the diamine(s) may be 
carried out using a catalytic system utilizing the following 
equilibrium reaction between a lactone, base and water. 

{lactone} + {base} + {water} = {acid} + {base}" 

[0021 ] A polyimide solution may be obtained by using 
the {acid} + {base}" system as a catalyst and heating the 
reaction mixture at 140-180°C. The water produced by 
the imidation reaction is eliminated from the reaction 
system by azeotropic distillation with toluene which is a 
reaction solvent. When the imidation in the reaction sys- 
tem is completed, {acid} + {base} _ is converted to the lac- 
tone and the base, and they lose the catalytic activity 
and are removed from the reaction system, The polyim- 
ide solution produced by this process can be applied to 
the substrate film as it is as a polyimide solution with 
high purity because the above-mentioned catalytic sub- 
stances are not contained in the polyimide solution after 
the reaction. 

[0022] Examples of the reaction solvent which may be 
used in the above-mentioned imidation reaction include, 
in addition to the above-mentioned toluene, N-methyl- 
2-pyrrolidone, dimethylformamide, dimethylacetamide, 
dimethylsulfoxide, sulfolane, tetramethylurea and the 
like. 

[0023] As the lactone, ^valerolactone is preferred. As 
the base, pyridine and/or methylmorpholine is(are) pre- 
ferred. 

[0024] Crotonic acid may be used in place of lactone. 
[0025] The mixing ratio (acid/diamine) between the 
tetracarboxylic dianhydride(s) and the diamine(s) sub- 
jected to the imidation reaction is preferably about 1 .05 
to 0.95 in terms of molar ratio. Further, the concentration 
of the lactone is preferably about 5 to 30 mol% based 
on the concentration of the acid dianhydrides, and the 
concentration of the base is preferably about 1 00 to 200 
mol% based on the lactone, at the initiation of the reac- 
tion. The reaction time is not restricted and varies de- 
pending on the molecular weight of the polyimide to be 
produced and the like, and usually about 2 to 10 hours. 
It is preferred to carry out the reaction under stirring in 
nitrogen atmosphere. 



[0026] It should be noted that the production process 
perse of the polyimide using the binary catalytic system 
comprising the lactone and the base is known, and de- 
scribed in, for example, U.S. Patent No. 5,502,143. 
[0027] By carrying out the above-described imidation 
reaction sequentially in two steps using different acid di- 
anhydrides and/or different diamines, polyimide block 
copolymers can be produced. By the conventional proc- 
ess for producing polyimide through polyamic acid, only 
random copolymers can be produced as copolymers. 
Since polyimide block copolymers can be produced se- 
lecting arbitrary acids and/or diamines, desired proper- 
ties or functions such as adhesiveness, dimensional 
stability, low dielectric constant and the like can be given 
to the polyimide. In the composite film of the present 
invention, such a polyimide copolymer may also prefer- 
ably be employed. 

[0028] A preferred process for producing the polyim- 
ide block copolymers include the process wherein a 
polyimide oligomer is produced using the acid catalyst 
generated by the above-described lactone and the 
base, and using either one of the diamine component 
or the tetracarboxylic dianhydride in excess, and then 
the diamine and/or the tetracarboxylic dianhydride is 
(are) added (the molar ratio of the total aromatic di- 
amines to the total tetracarboxylic dianhydrides is 1 .05 
to 0.95), thereby carrying out two-step polycondensa- 
tion. 

[0029] Since the polyimide produced by the method 
described above is in the form of a solution dissolved in 
a solvent, the solution may be applied as it is, or after 
being diluted with toluene, dioxane, dioxolane, anisole 
or a polar solvent mentioned above, to one or both sur- 
faces of the substrate film. Since the polyimide solution 
to be applied is a solution of the polyimide after comple- 
tion of the imidation reaction, unlike the production of 
the conventional polyimide molded articles through the 
polyamic acid, it is not necessary to carry out imidation 
reaction by heating after the application of the solution. 
Further, since the solution is a solution of the polyimide 
(not a solution of polyamic acid), the storage stability is 
good and it is not decomposed upon contact with water 
which are advantageous. 

[0030] Before application of the above-mentioned 
polyimide solution, the surface(s) of the substrate film 
is(are) cleaned by washing with water or with a solvent 
such as acetone or methanol and then drying the sol- 
vent. If the surtace(s) of the substrate film is(are) clean, 
this step may be omitted. 

[0031 ] The cleaned surface(s) of the substrate film is 
(are) coated with the above-mentioned polyimide solu- 
tion and the thickness of the polyimide solution on the 
film surface(s) is made uniform with a device such as 
an applicator. 

[0032] The substrate film whose surface is uniformly 
coated with the polyimide solution is placed in a drier 
and the solvent of the polyimide solution is removed at 
a temperature at which the substrate film is not de- 



is 



20 



25 



30 



35 



40 



45 



50 



4 



8/12/2006, EAST Version: 2.0.3.0 



7 



EP1 145 845 A1 



8 



formed, that is, at 80°C to 200°C, preferably at 90°C to 
150°C when the substrate film is a polyester film or a 
polyphenylene sulfide film. 

[0033] In cases where polyimide membranes are 
formed on both surfaces of the substrate film, the above- 
mentioned step of application of the polyimide and the 
step of drying are respectively carried out for both the 
front and back surfaces, thereby the polyimide mem- 
branes can be formed on both surfaces of the substrate 
film. 

[0034] As for the method of application of the polyim- 
ide solution to the film surface, in addition to the method 
using an applicator, continuous methods for producing 
composite films, including screen printing method, gra- 
vure coating method and spray coating method, which 
are known in the art, may also be employed, 
[0035] The thickness of the polyimide membrane after 
drying is not restricted, and usually and preferably about 
0.1 to 30 urn, especially about 0.2 to 10 um 
[0036] The polyimide membranes thus formed, espe- 
cially polyimide block copolymer membranes, typically 
have the following physical properties. By selecting the 
components for forming the polyimide block copolymer, 
polyimide block copolymers having physical properties 
which are different from those mentioned below can also 
be produced. 

1) Thermal Properties 

Glass Transition Point: 1 80°C to 350°C 
Thermal Decomposition Initiation Temperature: 
400°C to 550°C 

2) Electrical Properties 

Volume Resistivity: Not less than 10 17 ohms 
Dielectric Constant: 2.5 to 3.5 

3) Mechanical Properties 

Tensile Strength: 10 to 25 kgf/mm 2 
Tensile Elongation: 20 to 200% 
Tensile Elasticity: 200 to 350 kf/m 2 
Water Absorption: 1 .0 to 2.0% 

[0037] Uses of the composite film according to the 
present invention, exploiting the above-mentioned prop- 
erties will now be described. 

[0038] Exploiting the improvement in the thermal 
properties, the composite film can be used as a heat 
resistant composite film. In cases where the substrate 
film is a polyethylene naphthalate film, although the 
withstand temperature in mechanical uses is 160°C, the 
withstand temperature of the composite film whose both 
surfaces are coated with the polyimide membranes 
formed by applying the polyimide solution to a thickness 
of 3 |xm was improved to 21 0°C. 
[0039] As for the electrical properties, the volume re- 



sistivity was improved from 10x1 0 17 ohm-cm of the sub- 
strate film to 45 x 10 17 ohm-cm of the composite film. 
[0040] Therefore, the composite film according to the 
present invention can be applied to various uses such 
5 as wall-paper, surface-protecting films of various arti- 
cles, insulation films, circuit boards and resistors, which 
exploit the heat resistance, chemical resistance and/or 
insulation performance. 

10 Examples 

[0041 ] The invention will now be described more con- 
cretely by way of examples thereof. It should be noted, 
however, the examples are presented for the illustration 
*5 purpose only and should not be interpreted in any re- 
strictive way. 

Example 1 

20 [0042] To a three-necked 2L flask, a stainless steel 
anchor agitator, a nitrogen-introducing tube, and a con- 
denser comprising a cooling tube having balls mounted 
on a trap with a stop cock, were attached. 
[0043] To the flask, 29.42 g (100 mmol) of 3 t 4,3\4'- 

25 biphenyltetracarboxylic dianhydride, 43.9 g (50 mmol) 
of bis(3-aminopropyl)-polydimethylsiloxane (amine val- 
ue: 41 6, commercial product of Shin-etsu Chemical Co. , 
Ltd.), 1 .5 g (1 5 mmol) of y-valerolactone, 2.4 g (30 mmol) 
of pyridine, 150 g of N-methylpyrrolidone and 60 g of 

30 toluene were added, and the mixture was heated at 
180°Cfor 1 hour. 

[0044] After cooling the mixture in the air, 16.11 . g (50 
mmol) of benzophenonetetracarboxylic dianhydride, 
20.53 g (50 mmol) of 2,2-bis{4-(4-aminophenoxy)phe- 
35 nyljpropane, 21 .63 g (50 mmol) of bis{4-(3-aminophe- 
noxy)phenyl}sulfone and 229 g of N-methylpyrrolidone 
were added, and the resulting mixture was incubated at 
room temperature for 1 hour and then heated at 180°C 
for4.25 hours. The polyimide solution after removing the 
*o reaction reflux had a concentration of polyimide of 25%. 
[0045] The molecular weight, in terms of polystyrene, 
of the thus produced polyimide block copolymer was 
measured by the GPC method using a UV detector 
(HLC820 commercially available from Tosoh Corpora- 
ls tion was used). The number average molecular weight 
was 29,800, the weight average molecular weight was 
55,000 and Z average molecular weight was 99,300. 
The polyimide block copolymer solution was diluted with 
dioxolane to prepare a varnish with a polyimide concen- 
50 tration of 20%, and the varnish was applied to the both 
surfaces of a polyethylene terephthalate film (G-2, com- 
mercial product of TEIJIN LIMITED, 50 urn thickness, 
substrate film) (Film A) by a gravure coater to obtain a 
composite film having polyimide membranes with a 
55 thickness of 1 urn on both surfaces, followed by drying 
the polyimide block copolymer solution in an incubator 
at 80 to 1 50°C. The film was subjected to a no-load heat 
treatment (150°C for 10 minutes) in the air and the ad- 
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hesiveness between the polyimide membrane and the 
substrate film was evaluated by cross cut test (2 mm 
intervals). The cross cut test was performed as follows 
in accordance with JIS-K-5400. The coating membrane 
was cross cut such that each lattice had a square shape 
sizing 2 mm x 2 mm. A cellophane-tape was adhered to 
the cross cut surface and immediately peeled off. The 
number of the cross cut squares remained on the sub- 
strate film after peeling of the cellophane-tape was 
counted and the result is expressed in terms of the 
number of remained squares per 100 squares before 
the peeling. For example, if this value is 100/100, the 
number of peeled off squares among the 100 squares 
is zero. 

[0046] As a result, the adhesion rate was 100/100. 
Thus, it was confirmed that the Composite Film A ac- 
cording to the present invention had excellent adhesion 
with the substrate film. 

Example 2 

[0047] The operations similar to Example 1 were re- 
peated. That is, to the flask, 29.42 g (100 mmol) of bi- 
phenyltetracarboxylic dianhydride, 80 g (50 mmol) of bis 
(3-aminopropyl)-polydimethylsiloxane (amine value: 
800), 1 .0 g (1 0 mmol) of y-valerolactone, 1 .6 g (20 mmol) 
of pyridine, 150 g of N-methylpyrrolidone and 100 g of 
toluene were added, and the mixture was heated at 
180°Cfor 1 hour. 

[0048] After cooling the mixture in the air, 16.11 g (50 
mmol) of benzophenonetetracarboxylic dianhydride, 
43.25 g (100 mmol) of bis{4-(3-aminophenoxy)phenyl} 
sulfone and 125 g of N-methylpyrrolidone were added, 
and the resulting mixture was heated at 180°C for 1.5 
hours under stirring at 180 rpm, and then at 160°C for 
1 hour. The polyimide solution after removing the reac- 
tion reflux had a concentration of polyimide of 40%. 
[0049] The molecular weight of the thus, produced 
polyimide block copolymer was measured as in Exam- 
ple 1. The number average molecular weight was 
17,700, the weight average molecular weight was 
29,900 and Z average molecular weight was 46,800. 
[0050] The polyimide block copolymer solution was 
diluted with dioxolane to prepare a varnish with a poly- 
imide concentration of 20%. The varnish was applied to 
the both surfaces of a polyethylene terephthalate film 
(G-2, commercial product of TEIJIN LIMITED, 50 u,m 
thickness, substrate film) (Film B), and to the both sur- 
faces of a polyphenylene sulfide film fforelina, commer- 
cial product of TORAY INDUSTRIES, INC., 75 urn thick- 
ness, substrate film) (Film C) by a gravure coater and 
dried at 130°C for 5 minutes to form polyimide mem- 
branes with a thickness of 2.5 u,m on the both surfaces 
of the films, thereby obtaining Composite Film B-2.5 and 
Composite Film C-2.5. The films were subjected to a no- 
load heat treatment in the air in a high temperature in- 
cubator at 21 0°C for 1 0 minutes, and the adhesiveness 
between the polyimide membranes and the substrate 



films was evaluated by cross cut test (1 mm intervals). 
[0051] As a result, both films had an adhesion rate of 
1 00%, so that it was confirmed that the Composite Films 
B and C according to the present invention had excellent 
5 adhesion with the substrate film. 

Example 3 

[0052] The operations similar to Example 1 were re- 
10 peated. That is, to the flask, 29.42 g (100 mmol) of bi- 
phenyltetracarboxylic dianhydride, 175.6 g (200 mmol) 
of bis(3-aminopropyl)-polydimethylsiloxane (amine val- 
ue: 439), 2.0 g (20 mmol) of y-valerolactone, 3.2 g (40 
mmol) of pyridine, 200 g of N-methylpyrrolidone and 60 
'5 g of toluene were added, and the mixture was heated at 
180°Cfor 1 hour. 

[0053] After cooling the mixture in the air, 64.45 g (200 
mmol) of benzophenonetetracarboxylic dianhydride, 
43.25 g (100 mmol) of bis{4-(3-aminophcnoxy)phenyl) 

20 sulfone and 253 g of N-methylpyrrolidone were added, 
and the resulting mixture was heated at 180°C for 4 
hours. The polyimide solution after removing the reac- 
tion reflux had a concentration of polyimide of 40%. 
[0054] The molecular weight of the thus produced 

25 polyimide block copolymer was measured as in Exam- 
ple 1. The number average molecular weight was 
16,500, the weight average molecular weight was 
26,000 and 2 average molecular weight was 36,800. 
[0055] The polyimide block copolymer solution was 

30 diluted with dioxolane to prepare a varnish with a poly- 
imide concentration of 20%. The varnish was applied to 
the both surfaces of polyethylene terephthalate films (G- 
2, commercial product of TEIJIN LIMITED, 50 \im thick- 
ness, substrate film) (Film D), and to the both surfaces 

35 of polyphenylene naphthalate films (Teonex, commer- 
cial product of TEIJIN LIMITED, 75 urn thickness, sub- 
strate film) (Film E) and dried at 130*C for 5 minutes to 
form polyimide membranes with thicknesses of 1 urn 
and 2.0 ujti on the both surfaces of each of the films, 

40 thereby obtaining Composite Film D-1.0, Composite 
Film D-2.0, Composite Film E-1 .0 and Composite Film 
E-2.0. The films were subjected to a no-load heat treat- 
ment in the air in a high temperature incubator at 21 0°C 
for 1 0 minutes, and the adhesiveness between the poly- 

45 imide membranes and the substrate films was evaluat- 
ed by cross cut test (1 mm intervals). 
[0056] As a result, all of the films had an adhesion rate 
of 1 00/1 00, so that it was confirmed that the Composite 
Films D and E according to the present invention had 

so excellent adhesion with the substrate film. 

Example 4 

[0057] The operations similar to Example 1 were re- 
55 peated. That is, to the flask, 14.89 g (60 mmol) of bicyclo 
(2,2,2)-oct-7-ene-2,3 1 5,6-tetracarboxylic dianhydride, 
6.49 g (30 mmol) of 4,4'-diaminodiphenyl sulfide, 1 .2 g 
(12 mmol) of y-valerolactone, 1 .6 g (20 mmol) of pyrid- 
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ine, 80 g of N-methylpyrrolidone and 30 g of toluene 
were added, and the mixture was heated at 180°C for 1 
hour. 

[0058] After cooling the mixture in the air, 1 9.33 g (60 
mmol) of benzophenonetetracarboxylic dianhydride, 
53.4 g (60 mmol) of bis(3-aminopropyl)-polydimethylsi- 
loxane (amine value: 445, commercial product of Shin- 
etsu Chemical Co., Ltd.), 14.27g (33 mmol) of bis-[4- 
(3-aminophenoxy)phenylsulfone, 0.98 g (6 mmol) of 
5-norbornene-2,3-dicarboxylic dianhydride, 77 g of N- 
methylpyrrolidone and 30 g of toluene were added, and 
the resulting mixture was heated at 180 Q C for 4 hours 
under stirring at 1 80 rpm , and then at 1 80°C for 35 min- 
utes under stirring at 100 rpm. The polyimide solution 
after removing the reaction reflux had a concentration 
of polyimide of 40%. 

[0059] The molecular weight of the thus produced 
polyimide block copolymer was measured as in Exam- 
ple 1. The number average molecular weight was 
27,200, the weight average molecular weight was 
47,200 and Z average molecular weight was 75,600. 
[0060] The polyimide block copolymer solution was 
diluted with dioxolane to prepare a varnish with a poly- 
imide concentration of 20%. The varnish was applied to 
the both surfaces of a polyphenylene sulfide film (Tore- 
lina, commercial product of TORAY INDUSTRIES, INC., 
50 u.m thickness, substrate film) and dried at 130°C for 
5 minutes to form polyimide membranes with a thick- 
ness of 0.5 \im on the both surfaces of the film, thereby 
obtaining Composite Film F-0.5. The film was subjected 
to a no-load heat treatment in the air in a high temper- 
ature incubator at 210°C for 10 minutes, and the adhe- 
siveness between the polyimide membranes and the 
substrate film was evaluated by cross cut test (1 mm 
intervals). 

[0061] As a result, the adhesion rate was 100/1 00, so 
that it was confirmed that the Composite Film F accord- 
ing to the present invention had excellent adhesion with 
the substrate film. 

Example 5 

[0062] The operations similar to Example 1 were re- 
peated. That is, to the flask, 1 9.86 g (80 mmol) of bicyclo 
(2,2,2)-oct-7-ene-2,3,5,6-tetracarboxylic dianhydride, 
24.02 g (120 mmol) of 3,4-diaminobiphenyl ether, 2.4 g 
(24 mmol) of y-val era lactone, 3.3 g (40 mmol) of pyrid- 
ine, 200 g of N-methylpyrrolidone and 30 g of toluene 
were added, and the mixture was heated at 1 80°C for 1 
hour. 

[0063] After cooling the mixture in the air, 47.08g (80 
mmol) of biphenyltetracarboxylic dianhydride, 35.6 g 
(40 mmol) ofbis(3-aminopropyl)-polydimethylsiloxane 
(amine value: 445, commercial product of Shin-etsu 
Chemical Co., Ltd.), 36.50 g (84.4 mmol) of bis-{4- 
(3-aminophenoxy)phenyl}sulfone, 1.46 g (8.9 mmol) of 
5-norbonene-2,3-dicarboxylic anhydride, 267 g of N- 
methylpyrrolidone and 70 g of toluene were added, and 



the resulting mixture was heated at 180°C for 6 hours 
under stirring at 180 rpm. The polyimide solution after 
removing the reaction reflux had a concentration of poly- 
imide of 25%. 

5 [0064] The molecular weight of the thus produced 
polyimide block copolymer was measured as in Exam- 
ple 1. The number average molecular weight was 
32,100, the weight average molecular weight was 
51 ,700 and Z average molecular weight was 73,700. 

w [0065] The polyimide block copolymer solution was 
diluted with dioxolane to prepare a varnish with a poly- 
imide concentration of 20%. The varnish was applied to 
the both surfaces of a polyethylene terephthalate film 
(G-2, commercial product of TEIJIN LIMITED, 50 ujn 

is thickness, substrate film) (Film A) and dried at 130°C 
for 10 minutes to form polyimide membranes with a 
thickness of 2.5 u,m on the both surfaces of the film, 
thereby obtaining Composite Film G-2.5. The film was 
subjected to a no-load heat treatment ( 1 50°C for 1 0 min- 

20 utes) in the air in a high temperature incubator for 80°C 
to 1 50°C, and the adhesiveness between the polyimide 
membranes and the substrate films was evaluated by 
cross cut test (1 mm intervals). 
[0066] As a result, the adhesion rate was 1 00/100, so 

25 that it was confirmed that the Composite Film G accord- 
ing to the present invention had excellent adhesion with 
the substrate film. 

Example 6 

30 

[0067] The operations similar to Example 1 were re- 
peated. That is, to the flask, 22.34 g (120 mmol) of bi- 
cyclo(2,2,2)-oct-7-ene-2,3,5,6-tetracarboxylic dianhy- 
dride, 29.0 g (90 mmol) of benzophenonetetracarboxylic 

35 dianhydride, 76.32 g (90 mmol) of bis(3-aminopropyl)- 
polydimethylsiloxane (amine value: 224, commercial 
product of Shin-etsu Chemical Co., Ltd.), 1.8 g (18 
mmol) of y-valerolactone, 2.4 g (30 mmol) of pyridine, 
157 g of N-methylpyrrolidone and 50 g of toluene were 

40 added, and the mixture was heated at 1 80°C for 1 hour 
under stirring at 180 rpm. 

[0068] After cooling the mixture in the air, 6.85 g (45 
mmol) of 3,5-diaminobenzoic acid, 21 .41 g (49.5 mmol) 
of bis{4-(3-aminophenoxy)phenyl}sulfone, 1.30 g (9.0 

45 mmol) of 5-norbornene-2,3-dicarboxylic anhydride, 65 
g of N-methylpyrrolidone and 15 g of toluene were add- 
ed, and the resulting mixture was heated at 1 80°C for 3 
hours under stirring at 1 80 rpm. The polyimide solution 
after removing the reaction reflux had a concentration 

so of polyimide of 40%. 

[0069] The molecular weight of the thus produced 
polyimide block copolymer was measured as in Exam- 
ple 1. The number average molecular weight was 
18,900, the weight average molecular weight was 

55 32,300 and Z average molecular weight was 50,600. 
[0070] The polyimide block copolymer solution was 
diluted with dioxolane to prepare a varnish with a poly- 
imide concentration of 20%. The varnish was applied to 
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the both surfaces of a polyethylene terephthalate film 
(G-2, commercial product of TEIJIN LIMITED, 50 u.m 
thickness, substrate film) (Film A) and dried at 130°C 
for 8 minutes to form polyimide membranes with a thick- 
ness of 3.0 ujn on the both surfaces of the film, thereby 
obtaining Composite Film H-3.0. The film was subjected 
to a no-load heat treatment (150°C for 10 minutes) in 
the air in a high temperature incubator for 80°C to 
150°C, and the adhesiveness between the polyimide 
membranes and the substrate film was evaluated by 
cross cut test (1 mm intervals). 
[0071 ] As a result, the adhesion rate was 1 00/1 00, so 
that it was confirmed that the Composite Film G accord- 
ing to the present invention had excellent adhesion with 
the substrate film. 

Example 7 

[0072] The operations similar to Example 1 were re- 
peated. That is, to the flask, 117.68 g (400 mmol) of 
3,4,3\4'-biphenyltetracarboxylic dianhydride, 166.4 g 
(200 mmol) of bis(3-aminopropyl)-polydimethylsiloxane 
(amine value: 416, commercial product of Shin-etsu 
Chemical Co., Ltd.), 4.0 g (40 mmol) of y-valerolactone, 
4.8 g (60 mmol) of pyridine, 200 g of N-methylpyrro- 
lidone and 1 00 g of toluene were added, and the mixture 
was heated at 1 80°C for 1 hour. 
[0073] After cooling the mixture in the air, 20.02 g (1 00 
mmol) of 3,4'-diaminodiphenyl ether, 41.06 g (100 
mmol) of 2,2-bis{4-(4-aminophenoxy)phenyl}propane, 
1 88 g ofN-methylpyrrolidone and 50 g of toluene were 
added, and the resulting mixture was incubated at room 
temperature for 1 hour and then heated at 180°C for 3 
hours. The polyimide solution after removing the reac- 
tion reflux had a concentration of polyimide of 35%. 
[0074] The molecular weight of the thus produced 
polyimide block copolymer was measured as in Exam- 
ple 1. The number average molecular weight was 
21,500, and the weight average molecular weight was 
34,800. The polyimide solution was diluted with diox- 
olane to prepare a varnish with a polyimide concentra- 
tion of 20%. The varnish was applied to the both surfac- 
es of polyethylene naphthalate films (Teonex, commer- 
cial product of TEIJIN LIMITED, 75 ujti thickness, sub- 
strate film) by a gravure coater and dried at 130°C for 5 
minutes to form polyimide membranes with a thickness 
of 1 ujn or 2.5 union the both surfaces of the films, there- 
by obtaining Composite Film 1 and Composite Film 2. 
The films were subjected to a no-load heat treatment in 
the air in a high temperature incubator at 210°C for 10 
minutes, and the adhesiveness between the polyimide 
membranes and the substrate films was evaluated by 
cross cut test (1 mm intervals). 
[0075] As a result, both films had an adhesion rate of 
100/100, so that it was confirmed that these composite 
films according to the present invention had excellent 
adhesion with the substrate film. 



Example 8 

[0076] The operations similar to Example 1 were re- 
peated. That is, to the flask, 44.67 g (180 mmol) of bi- 

5 cyclo(2,2 t 2)-oct-7-ene-2,3 ( 5,6-tetracarboxyHc dianhy- 
dride, 1 3.69 g (90 mmol) of 3,5-diaminobenzoic acid, 3.6 
g (36 mmol) of y-valerolactone, 4.75 g (60 mmol) of py- 
ridine, 240 g of N-methylpyrrolidone and 90 g of toluene 
were added, and the mixture was heated at 1 80°C for 1 

10 hour. 

[0077] After cooling the mixture in the air, 58.0 g (1 80 
mmol) of 3,4,3\4'-diphenyltetracarboxylic dianhydride, 
1 49.76 g (1 80 mmol) of bis(3-aminopropyl)-polydimeth- 
ylsiloxane (amine value: 416, commercial product of 

15 Shin-etsu Chemical Co., Ltd.), 42.82 g (99 mmol) of bis- 
4(3-aminophenoxy)phenylsulfone, 2.95 g (18 mmol) of 
5-norbornene-2,3-dicarboxylic anhydride, 204 g of N- 
methylpyrrolidone and 90 g of toluene were added, and 
the resulting mixture was heated at 180°C for 5.5 hours 

20 under stirring at 180 rpm. The polyimide solution after 
removing the reaction reflux had a concentration of poly- 
imide of 40%. 

[0078] The molecular weight of the thus produced 
polyimide block copolymer was measured as in Exam- 

25 pie 1. The number average molecular weight was 
35,500 and the weight average molecular weight was 
57,400. The glass transition point of this polyimide was 
193°C to 215°C, and the thermal decomposition initia- 
tion temperature was 422°C. 

30 [0079] The polyimide solution was applied to the both 
surfaces of polyethylene naphthalate films (Teonex, 
commercial product of TEIJIN LIMITED, 75 u.m thick- 
ness, substrate film) and dried at 130°C for 8 minutes 
to form polyimide membranes with a thickness of 1 u,m 

35 or 2.5 urn on the both surfaces of the films, thereby ob- 
taining Composite Film 1 and Composite Film 2. The 
films were subjected to a no-load heat treatment in the 
air in a high temperature incubator at 200°C for 10 min- 
utes, and the adhesiveness between the polyimide 

40 membranes and the substrate films was evaluated by 
cross cut test (1 mm intervals). 
[0080] As a result, both films had an adhesion rate of 
1 00/1 00, so that it was confirmed that these composite 
films according to the present invention had excellent 

« adhesion with the substrate film. 

Example 9 

[0081] The operations similar to Example 1 were re- 
so peated. That is, to the flask, 29.78 g (120 mmol) of bi- 
cyclo(2,2,2)-oct-7-ene-2,3,5,6-tetracarboxylic dianhy- 
dride, 36.04 g (1 80 mmol) of 3,4'-diaminodiphenyl ether, 
3.0 g (30 mmol) of y-valerolactone, 4.0 g (50 mmol) of 
pyridine, 200 g of N-methylpyrrolidone and 50 g of tolu- 
55 ene were added, and the mixture was heated at 1 80°C 
for 1 hour. 

[0082] After cooling the mixture in the air, 44.1 3 g (1 50 
mmol) of 3,4,3\4'-diphenyltetracarboxylic dianhydride, 
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25.90 g (60 mmol) of bis{4-(3-aminophenoxy)phenyl] 
sulfone, 26.7 g (30 mmol) of bis(3-aminopropyl)-poly- 
dimethylsiloxane (amine value: 416, commercial prod- 
uct of Shin-etsu Chemical Co., Ltd.), 273 g of N-meth- 
ylpyrrolidone and 50 g of toluene were added, and the 
resulting mixture was heated at 1 B0°C for 5.5 hours. The 
polyimide solution after removing the reaction reflux had 
a concentration of polyimide of 20%. 
[0083] The molecular weight of the thus produced 
polyimide block copolymer was measured as in Exam- 
ple 1. The number average molecular weight was 
31,900 and the weight average molecular weight was 
54,500. 

[0084] The polyimide solution was applied to the both 
surfaces of polyethylene naphthalate films (Teonex, 
commercial product of TEIJIN LIMITED, 25 u.m thick- 
ness, substrate film) and dried at 130°C for 5 minutes 
to form polyimide membranes with a thickness of 1 u.m 
or 2.5 urn on the both surfaces of the films, thereby ob- 
taining Composite Film 1 and Composite Film 2. The 
films were subjected to a no-load heat treatment in the 
air in a high temperature incubator at 200°C for 10 min- 
utes, and the adhesiveness between the polyimide 
membranes and the substrate films was evaluated by 
cross cut test (1 mm intervals). 
[0085] As a result, both films had an adhesion rate of 
100/100, so that it was confirmed that these composite 
films according to the present invention had excellent 
adhesion with the substrate film. 

Example 10 

[0086] The operations similar to Example 1 were re- 
peated. That is, to the flask, 1 4.89 g (60 mmol) of bicyclo 
(2,2,2)-oct-7-ene-2,3,5,6-tetracarboxylic dianhydride, 
6.49 g (30 mmol) of 4,4'-diaminodiphenyl sulfide, 1 .2 g 
(12 mmol) of y-valerolactone, 1 .6 g (20 mmol) of pyrid- 
ine, 80 g of N-methylpyrrolidone and 30 g of toluene 
were added, and the mixture was heated at 1 80°C for 1 
hour. 

[0087] After cooling the mixture in the air, 19.3 g (60 
mmol) of 3,4,3',4'-benzophenonetetracarboxylic dian- 
hydride, 53.4 g (60 mmol) ofbis(3-aminopropyl)-poly- 
dimethylsiloxane (amine value: 416, commercial prod- 
uct of Shin-etsu Chemical Co., Ltd.), 14.27 g (33 mmol) 
of bis-4-(3-aminophenoxy)phenylsulfone, 57 g of N- 
methylpyrrolidone and 30 g of toluene were added, and 
the resulting mixture was stirred at room temperature 
for 1 hour. 

[0088] Then 0.98 g (6 mmol) of 5-norbornene-2,3-di- 
carboxylic anhydride and 20 g of N-methylpyrrolidone 
were added and the mixture was stirred at room tem- 
perature for 0.5 hours and then heated at 180°C for 4 
hours. The polyimide solution after removing the reac- 
tion reflux had a concentration of polyimide of 40%. 
[0089] The polyimide solution was applied to the both 
surfaces of polyphenylene sulfide films (Torelina, com- 
mercial product of TORAY INDUSTRIES, INC., 50 u,m 



thickness, substrate film) and dried at 1 30°C for 1 0 min- 
utes to form polyimide membranes with a thickness of 
1 jim or 2.5 jam on the both surfaces of the films, thereby 
obtaining Composite Film 1 and Composite Film 2. The 

5 films were subjected to a no-load heat treatment at 
200°C for 10 minutes, and the adhesiveness between 
the polyimide membranes and the substrate films was 
evaluated by cross cut test (1 mm intervals). 
[0090] As a result, both films had an adhesion rate of 

10 1 00/1 00, so that it was confirmed that these composite 
films according to the present invention had excellent 
adhesion with the substrate film. 

Example 11 

15 

[0091] The operations similar to Example 1 were re- 
peated. That is, to the flask, 44.67 g (180 mmol) of bi- 
cyclo(2,2,2)-oct-7-ene-2,3,5,6-tetracarboxylic dianhy- 
dride, 1 3.69 g (90 mmol) of 3,5-diaminobenzoic acid, 3.6 
20 g (36 mmol) of y-valerolactone, 4.75 g (60 mmol) of py- 
ridine, 240 g of N-methylpyrrolidone and 90 g of toluene 
were added, and the mixture was heated at 1 80°C for 1 
hour. 

[0092] After cooling the mixture in the air, 58.0 g (1 80 

25 mmol) of 3,4,3\4'-diphenyltetracarboxylic dianhydride, 
1 49.76 g (1 80 mmol) of bis(3-aminopropyl)-polydimeth- 
ylsiloxane (amine value: 416, commercial product of 
Shin-etsu Chemical Co., Ltd.), 42.82 g (99 mmol) of bis- 
4-(3-aminophenoxy)phenylsulfone, 2.95 g (18 mmol) of 

30 5-norbornene-2,3-dicarboxylic anhydride, 204 g of N- 
methylpyrrolidone and 90 g of toluene were added, and 
the resulting mixture was heated at 1 80°C for 5.5 hours. 
The polyimide solution after removing the reaction reflux 
had a concentration of polyimide of 40%. 

35 [0093] The molecular weight of the thus produced 
polyimide block copolymer was measured as in Exam- 
ple 1. The number average molecular weight was 
35,500 and the weight average molecular weight was 
57,400. The glass transition point of this polyimide was 

40 193°C to 215°C, and the thermal decomposition initia- 
tion temperature was 422°C. 

[0094] The polyimide solution was applied to the both 
surfaces of polyphenylene sulfide films (Torelina, com- 
mercial product of TORAY INDUSTRIES, INC., 25 u.m 

45 thickness, substrate film) and dried at 130°C for 10 min- 
utes to form polyimide membranes with a thickness of 
1 urn or 2.5 urn on the both surfaces of the films, thereby 
obtaining Composite Film 1 and Composite Film 2. The 
films were subjected to a no-load heat treatment at 

so 210°C for 10 minutes, and the adhesiveness between 
the polyimide membranes and the substrate films was 
evaluated by cross cut test (1 mm intervals). 
[0095] As a result, both films had an adhesion rate of 
1 00/1 00, so that it was confirmed that these composite 

55 films according to the present invention had excellent 
adhesion with the substrate film. 
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Example 12 

[0096] The operations similar to Example 1 were re- 
peated. That is, to the flask, 1 4.89 g (60 mmol) of bicyclo 
^^J-oct^-ene^.S.S.e-tetracarboxylic dianhydride, 
4.56 g (30 mmol) of 3,5-diaminobenzoic acid, 1 .2 g (12 
mmol) of y-valerolactone, 1 .6 g (20 mmol) of pyridine, 
80 g of N-methylpyrrolidone and 30 g of toluene were 
added, and the mixture was heated at 1 80°C for 1 hour. 
[0097] After cooling the mixture in the air, 1 9.33 g (600 
mmol) of 3,4,3\4'-diphenyltetracarboxylic dianhydride, 
53.4 g (60 mmol) of bis(3-aminopropyl)-polydimethylsi- 
loxane (amine value: 416, commercial product of Shin- 
etsu Chemical Co., Ltd.), 14.27 g (33 mmol) of bis-4- 
(3-aminophenoxy)phenylsulfone, 53 g of N-methylpyr- 
rolidone and 30 g of toluene were added, and the result- 
ing mixture was stirred at room temperature for 1 hour. 
[0098] Then 0.98 g (6 mmol) of 5-norbomene-2,3-di- 
carboxylic dianhydride and 20 g of N-methylpyrrolidone 
were added and the mixture was stirred at room tem- 
perature for 0.5 hours and then heated at 180°C for 4 
hours. The polyimide solution after removing the reac- 
tion reflux had a concentration of polyimide of 40%. 
[0099] The molecular weight of the thus produced 
polyimide was measured as in Example 1 . The number 
average molecular weight was 28,000 and the weight 
average molecular weight was 51 ,000. 
[01 00] The polyimide solution was applied to the both 
surfaces of polyphenylene sulfide films (Torelina, com- 
mercial product of TORAY INDUSTRIES, INC., 75 u.m 
thickness, substrate film) and dried at 1 30°C for 1 0 min- 
utes to form polyimide membranes with a thickness of 
1 ujti or 2.5 u,m on the both surfaces of the films, thereby 
obtaining Composite Film 1 and Composite Film 2. The 
films were subjected to a no-load heat treatment at 
210°C for 10 minutes, and the adhesiveness between 
the polyimide membranes and the substrate films was 
evaluated by cross cut test (1 mm intervals). 
[0101] As a result, both films had an adhesion rate of 
100/100, so that it was confirmed that these composite 
films according to the present invention had excellent 
adhesion with the substrate film. 

Example 1 3 

[0102] To a three-necked 1L flask, a stainless steel 
anchor agitator, a nitrogen-introducing tube, and a con- 
denser comprising a cooling tube having balls mounted 
on a trap with a stop cock, were attached. 
[0103] To the flask, 35.3 g (120 mmol) of 3,4,3\4'- 
diphenyltetracarboxylic dianhydride, 27.48 g (30 mmol) 
of bis(3-aminopropyl)-polydimethylsiloxane (amine val- 
ue: 458, commercial product of Shin-etsu Chemical Co., 
Ltd.), 5.1 7 g (60 mmol) of crotonic acid, 4.75 g (60 mmol) 
of pyridine, 150 g of N-methylpyrrolidone and 40 g of 
toluene were added, and the mixture was heated at 
160°C for 1 hour under stirring. 
[01 04] After cooling the mixture in the air, 29.78 g (1 20 



mmol) of bicyclo(2,2,2)-oct-7-ene-2,3,5,6-tetracarboxy- 
lic dianhydride, 62.85 g (215 mmol) of 1 ,3-bis-(4-ami- 
nophenoxy)benzene, 1.484 g (10.02 mmol) of phthalic 
anhydride and 144 g of N-methylpyrrolidone were add- 

5 ed, and the resulting mixture was stirred at room tem- 
perature for 1 hour, then heated at 1 40°C for 30 minutes, 
and then at 10°Cfor4.5 hours, under stirring. The poly- 
imide solution obtained while eliminating the reaction re- 
flux during the heat treatment at 1 80°C but after 1 hour 

10 from the beginning of the heat treatment at 1 80°C had 
a concentration of polyimide of 35%. 
[01 05] The molecular weight, in terms of polystyrene, 
of the thus produced polyimide block copolymer was 
measured by the GPC method using a UV detector 

15 (HLC820 commercially available from Tosoh Corpora- 
tion was used). The number average molecular weight 
was 7120, the weight average molecular weight was 
17,400 and 2 average molecular weight was 26,400. 
The glass transition point was 205°C and the thermal 

20 decomposition initiation temperature was 444°C. 

[0106] The obtained polyimide solution was applied 
to the both surfaces of a polyethylene terephthalate film 
commercially available from TEIJIN LIMITED (Type G- 
2, 38 u.m thickness) and dried at 130°C for 5 minutes, 

25 thereby obtaining a composite film having polyimide 
membranes with 1 urn thickness on both surfaces there- 
of. 

Example 14 

30 

[01 07] The operations similar to Example 1 3 were re- 
peated. That is, to the flask, 44.67 g (180 mmol) of bi- 
cyclo(2,2,2)-oct-7-ene-2,3,5,6-tetracarboxylic dianhy- 
dride, 13.69g (90 mmol) of 3,5-diaminobenzoic acid, 3.6 

35 g (36 mmol) of y-valerolactone, 4.7 g (60 mmol) of pyri- 
dine, 240 g of N-methylpyrrolidone and 90 g of toluene 
were added, and the mixture was heated at 180°C for 1 
hour under stirring at 1 80 rpm. 
[0108] After cooling the mixture in the air, 58.0 g (180 

40 mmol) of 3,4,3', 4'-benzophenonetetracarboxylic dian- 
hydride, 149.76 g (180 mmol) of bis(3-aminopropyl)- 
polydimethylsiloxane (amine value: 416, commercial 
product of Shinetsu Chemical Co., Ltd.), 42.82 g (99 
mmol) of bis[4-(3-aminophenoxy)phenyl]sulfone, 2.95 g 

45 (18 mmol) of 5-norbomene-2,3-dicarboxylic dianhy- 
dride, 204 g of N-methylpyrrolidone and 90 g of toluene 
were added, and the resulting mixture was allowed to 
react at 1 80°C for 25 minutes, thereby obtaining a poly- 
imide solution having a concentration of 40%. 

so [0109] The molecular weight of the thus produced 
polyimide was measured as in Example 1 . The number 
average molecular weight was 35,500 and the weight 
average molecular weight was 57,400. The glass tran- 
sition point of this polyimide was 193°C to 215°C, and 

55 the thermal decomposition initiation temperature was 
422°C. 

[0110] The obtained polyimide solution was applied 
to the both surfaces of a polyethylene terephthalate film 
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commercially available from TEIJIN LIMITED (Type G- 
2, 38 urn thickness) and dried at 130°C for 10 minutes, 
thereby obtaining a composite film having polyimide 
membranes with 2.5 urn thickness on both surfaces 
thereof. 

Example 15 

[01 1 1 ] The rates of heat shrinkage in the longitudinal 
and transverse directions of the composite films pro- 
duced in Examples 1 3 and 1 4 were measured. For com- 
parison, the rate of heat shrinkage of the substrate film 
was also measured. The results are shown in the fol- 
lowing Table 1 . 
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[0112] As shown in Table 1 , the polyethylene tereph- 
thalate film used as the substrate film is deformed to a 
55 shape for which the rate of thermal shrinkage cannot be 
measured upon being heated at 1B0°C which is higher 
than its melting point, while the composite films accord- 
ing to the present invention are not substantially shrunk 
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by the heat. Further, when heating at 150°C, the rates 
of heat shrinkage of the composite films according to 
the present invention are much smaller than that of the 
substrate film. These results indicate that the composite 
films according to the present invention have much high- 
er heat resistance than the substrate film used. 

Industrial Availability 

[01 1 3] The composite film according to the present in- 
vention can be applied to various uses such as wall-pa- 
per, surface-protecting films of various articles, insula- 
tion films, circuit boards and resistors, which exploit the 
heat resistance, chemical resistance and/or insulation 
performance. 



Claims 



6. The composite film according to any one of claims 
1 to 5, wherein said polyimide is prepared by said 
polycondensation using a mixture containing a lac- 
tone and a base as a catalyst. 

5 

7. The composite film according to claim 7 wherein 
said lactone is y-valerolactone and said base is py- 
ridine and/or methylmorpholine. 

10 8. The composite film according to claim 6 or 7, where- 
in said polyimide is a polyimide block copolymer 
having a ratio of total diamines to total tetracarbox- 
ylic anhydrides of 1 .05 to 0.95, which copolymer is 
prepared by a two-step polycondensation process 

15 wherein a polyimide oligomer is first prepared by us- 
ing either one of a tetracarboxylic dianhydride or a 
diamine in excess, and then a tetracarboxylic dian- 
hydride and/or diamine is(are) added. 



1 . A composite film comprising a substrate film and 20 
polyimide membrane(s) formed on at least one sur- 
face of said substrate film, which polyimide mem- 
brane^) is(are) prepared by coating said surface(s) 
with a solution of a solvent-soluble polyimide whose 
main chain is formed by polycondensation of one or 25 
more tetracarboxylic dianhydrides and one or more 
diamines and by drying said solution, said one or 
more tetracarboxylic dianhydrides including bicyclo 
(2,2,2)oct-7-ene-2,3,5,6-tetracarboxylic dianhy- 
dride as at least a part thereof, and/or said one or 30 
more diamines including at least one of 3,5-diami- 
nobenzoic acid and a diaminosiloxane derivative as 

at least a part thereof. 

2. The composite film according to claim 1, wherein 35 
the proportion of said bicyclo(2,2,2)oct-7-ene- 
2,3,5,6-tetracarboxylic dianhydride in the total tet- 
racarboxylic dianhydrides is 20 to 50 mol%, and the 
proportion of the total of said 3,5-diaminobenzoic 
acid and said diaminosiloxane derivative in the total 40 
diamines is 35 to 60 mol%. 



9. The composite film according to any one of claims 
1 to 8, wherein said polyimide has a weight average 
molecular weight in terms of polystyrene measured 
by gel chromatography of 15,000 to 100,000. 

10. The composite film according to any one of claims 
1 to 9, wherein said polyimide membrane has a 
thickness of 0.2 to 10 urn. 

11. The composite film according to any one of claims 
1 to 10, wherein said substrate film is a polyester 
film or a polyphenylene sulfide film. 

12. The composite film according to claim 11 , wherein 
said polyester is polyethylene terephthalate or pol- 
yethylene naphthalate. 

13. The composite film according to any one of claims 
1 to 12, wherein said drying is carried out at a tem- 
perature of 80 to 200°C. 



3. The composite film according to claim 1, wherein 
said poiyimide contains a diaminosiloxane deriva- 
tive having an amine value of 200 to 1000 in the 45 
main chain thereof at a ratio of 1 5 to 60% by weight 
based on the entire polyimide. 

4. The composite film according to claim 3, wherein 
said polyimide further contains as diamines at least so 
one selected from the group consisting of 3,4' -di- 
aminodiphenyl ether, 1 ,4-bis(3-aminophenoxy) 
benzene, bis-{4(3-aminophenoxy)phenyl}sulfone 
and 3,5-diaminobenzoic acid. 

55 

5. The composite film according to any one of claims 
1 to 4, wherein said diarninopolysiloxane derivative 
is bis(3-amino-(C r C 6 )alkyl-polydimethylsiloxane. 
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